A method, using a branch and bound algorithm, is described for obtaining optimal phase settings for janmmer cancellation with an electronically scanning array (ESA) whose only variable parameters are element phases which vary in discrete steps.
INTRODUCTION
A method, using a branch and bound algorithm, is described for obtaining optimal phase settings for jammer cancellation with an electronically scanning array (ESA) whose only variable parameters are element phases which vary in discrete steps. While jammer cancellation with discrete phases has been demonstrated in the past, the phase settings were suboptimal since no optimizing algorithm was used in the selection of the phase values. The branch and bound method has been tested by comparing its results with those obtained using an exhaustive search through all possible phase settings for a four element array with 3 bit phase shifters. Results have also been obtained for an 8 element array with 4 bit phase shifters.
In this paper, the terms "tadaptive array" or "adapted continuous" are reserved for arrays with continuously varying complex weights such as those analyzed by Applebaum [1] .
ESAs can be implemented using one receiver channel and associating a phase shifter with each array element. An adaptive array can be implemented by associating a coherent receiver channel with each array element. As a rule, adaptive arrays are more costly and complex than ESAs. For this reason the use of an ESA with digital phase shifters that offers an acceptable degree of adaptivity is desirable. The ESA with digital phase shifters will be referred to as the adapted discrete (array) or adapting ESA.
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PROBLEM DEFINITION
The signal to interference plus noise ratio (SIR) for a linear array with adaptive complex element weight vector W is given by Applebaum [1] as lwt T12 
METHOD OF SOLUTION
An efficient search algorithm suitable for this problem is known as branch and bound. The version used to obtain the results of this paper is described by Cohen [2] .
The branch and bound can be shown to take, at worst, about the same length of time to complete as an exhaustive search. Usually the branch and bound is much faster. The efficiency of the method comes about since, as discussed below, many points need not be evaluated.
The branch and bound method is based on the fact that
The N-dimensional vector W is partitioned as follows:
rs-
The components of the constrained subvector, Wc take values from the allowed discrete set, whereas the components of W (the unconstrained subvector) can take any value in the complex plane. A tree (Figure 1 
NUMERICAL RESULTS
The branch and bound program has been used to evaluate four and eight element linear arrays with element spacing of X/2. Antenna patterns for the four element array with 3 bit phase shifters with the jammer in the second sidelobe are given in Figure 2 . Antenna patterns for the 8 element array with the jammer at the peak of the fourth sidelobe and Further results for the four element array are given in Table I . There, the SIR is compared for three cases; the signal is always at 400 while the jammer is 1) in the mainlobe, 2) in the first sidelobe, and 3) in the second sidelobe (+200, -10 and -50O , respectively) . The SIR degrades by 10 to 20 dB for the fixed array as the environment changes from benign to the presence of one jammer. Allowing discrete phase-only adaptation recovers 8 to 17 of the formerly lost decibels. The additional margin required to meet adaptive array performance is 1.5 to 6 dB. 
